
Datal  ]ub - Knowledge-based scicnc.c data n]arla~cmc.nt  for cxp]ora[ory drr[a  analysis

‘1 “homas  11.1 landlcy,  Jr.

Mark R, Rrrbin

Jet l’lopulsion  l~boratory
4800 Oak Grove IXivc,  kadcna,  Califonlia  91109

Y.  Phi l ip  1 -i

Aerospace Corjrora[ion
2350 F,asl El Segundo Roulc.vard,  El Segundo, California, 90245

11 is our belief tlia( ncw modes of rcsc.arch and ncw tools wit]  bc required 10 handle massive amounl  of diverse data that is to
[E slorcd,  organized, acccsscd,  distribu(cxl,  visualimd,  and analy~c. ‘lIlc fundamental innovation required is the integration of
ltlrc.c automation lcchnologics,  vidclicct  knowledge-based c.xpcrl  systems, scicncc visualization  and scicncc  data
managcmcnl.  ‘Ibis ink+ya[ion is based on a concept called the I)a@l]ub.  In order to prove Lhc concept, a series of software
prototypes arc being implcmcnlcd.  Dascd on user comrncnts  I)a[aI lub is continually changing. l’hc currcn[ changes in
philosophy and design arc described here. In keeping with the I)atal Iub philosophy of insulating the user from the
undc.rlying  details of data formatting  and computer archi[wturcs, LWO  major changes have been made to the I)atal  lub/X
Windows inlcrfacc.  Additionally, bccausc of the drawbacks of the. current imp]cmcntation  in label/file recognition, an cxpcrl
sys[cm  in~plcmcntation  is king  invcs[igatc,d.  Finally, short and ]ong tc,rm design and imp]cmcnla[ion  issues arc discussed.

‘1’oday,  af[cr determining (I1c cxistcncc  of data, it is difficult, if not impossible, to get this data into existing tools for
“ 1 q’his  difficulty is generally the result of (1 ) incompatible data fornlaLs and the lack of availablevisualization  turd analysls  .

data fillers; (2) the lack of true integration bctwccn the visualization and analysis mols and the data archive syslcm(s);  (3)
incompa[iblc  ar~d/or  non-c xislcnt  mctadata;  and (4) (hc exposure of the scicn[ist  LO IIIC conlplcxitics  of networking. ‘J IICSC
problems as cxcmplificd  by the current data systems will bc fur[hcr multiplied by the avalanche of data from future NASA
nlissions2*  3. It is our belief that  ncw rnodcs  of research and ncw tools  will bc required [O handic  rnassivc amount of diverse
data thal is to bc stored, organiz.cd, acccsscd,  distributed, visual i~cd,  and analyzcd4~ 5.

‘l”hc  areas of most immediate need arc: (1) scicncc  dala management; (2) scientific. visualization and analysis; (3) in[crac[ions
in a disttibutcd,  hctcrogcrrcat]s  environment; and (4) knowledge-basc,d assis[ancc for [hCSC  functions. T’hc fundamental
innovation required is [hc integration of Ulrc,c automation tcchaologics,  vidclicct  knowledge-based expert systems, scicncc
visual i~,a[ion and scic,ncc data management. ‘1’his  integration is based On a conccpl called the l~ata}lub.

Wi th  the  IMtal  Iub,  invcs(iga[ors will bc able, [O apply a comp]c,tc, solll[iorl (O all nodes of a dislribl]lcd  systcm.  IIodI

Com]mlalional  Jmdcs  and inlcraclivc  nodes will bc ab]c 10 c. ffcztivcl  y and cfficicnt]  y usc (IIC data scrviccs  (accc.ss, rclricval,
update, etc.) in a dislributcd,  inter- disciplinary information SySIC,III  in a uniform and starldard way. ‘Illis  will enable the
investigators to conccn[ratc  on their scientific c,ndcavors, ra[hc,r tllall  to involve thcmsc]vcs  in thc il)(riGqtc,  tcclmical  dc.tails of
the. systems and tools rc,quircd  to accomplish their work. “1’bus, invcs[igators  need not k, programmers. ]n our initial
protolypcs,  wc arc not addressing the cornplctc nctwolkcd solu[ion,  but the issues associated data rnana~cmcn[, data
conversion, and data analysis within [hc more limi[cd  cnvironmc,n[ of Ilc[workcd,  hclc,rogcn~l}s,  workstations,
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In scientific data models, Dalallub  will arldrms data driven analysis, data transformations among formals, data sc.mantics
preservation and derivation, and capture of analysis-related knowledge about the data, }lxpcrl  systems arc, being investigated
Ihal ])rovidc  intelligent assistant systcrn(s)  with some knowledge of data management and analysis built-ill and cvcmtually
incorporation of mature c,xpcrt systcm tcztmo!ogy  to aid exploratory data analysis, i.e., neural nets, classification syslcms.
Additionally, it is a goal to investigate the capture and cncodirrg  of knowledge about the daui and lhcir associated proccsscs.
Maybe of mos[ imporlancc,  in data analysis, the Dalal Iub will provide data managcmcnl scrviccs LO cxplora[ory data analysis
applications, i .c., 1,inkWinds6,  an cxp]ora[ory  data analysis cnviromncnl

1 iigurc 1 dcpic.ts [he, functional archilccturc  for the Datallub. “1’hc major func[ions of the Datal  ]ub arc to provide (1) an
intcrac(ivc user inlcrfacc;  (2) a command-based query irrtcrfacc; (3) a SC[ of dala manipulation methods; (4) a rncladata
manager; and (5) an underlying scicncc  data model. I$hc in[cractivc  user intcrfacc,  basic data operators and a data
interchange intcrfacc with 1.inkWinds have been implcmcrmd  in [tic firs[ proto[ypc.
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Figure 1-- limc[ional  Architccmrc,

Of particular note is the emerging relationship with 1.illkWinds.  As illus[ratcd in l;igurc 1, 1,inkWinds  is providing two
funclions:  (1) a visual dala exploration or analysis c.rrvironmcn(; and (2) visual browsing and s[]bsct[ing  scrviccs.

‘1’hc  command -bascrl  query inlcrfacc  is dcsigl]cd  for the data visual im(ion sysmn  10 issue data mana.gcmcnl  commands to lhc
I)alal  Iub. ‘1’lm data manipulation Inc[hods  provide the data sclc..[ion,  subsc[ting,  corrvc.rsion,  transformation, and updates for
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scicmc da(a. ‘1’hc mc[adata  rnanagcr  captures the ncccssary knowledge about scicncc  data. I:inally,  the scicmc data model
supporis  [hc underlying objcc[-oriented rcprcscnlation  and across mc.ltmcls.

in order to prove the concept, a series of software prototypes arc being implcmcntcd,  l’hc architcclurc  of the soflwarc
ill]J)lc[l~cI)latio[l  is dcpiclcd  in Figure 2. A layered architecture has been adopmd  for the implementation, which implies that
any layer can lx changed and/or rcp]accd without affecting other layers. “1’hc  top Iaycr is (hc cx[cr-nal  intcrfacc  that links to
lhc human users via an intcraclivc  inlcrfacc and the visualization syslcm via a connection intcrfacc.  g’hc data rnodcl is
in~plcrncn(cd  in the intclligcn[  data managcmcnl layer. 3’llc physical data ac~css  func(ions  arc built in (IIc. data in[c,rfac.c
layer.
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]jigurc 2-- Software Architccturc
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3,1 [JSI+I.N”l’1  lRIIACt~ AND] N’I”IO<A.Cg’!~NS C!lANCiI~S

in Iccc])i[lg wi[h the l)a[a~ Iub philosophy of insulating the user from [lIC underlying dc(ails of data formatting and compute.r
architcc(urcs,  two major changes were made to lhc Datal Iub/X Windows intcrfacc. ~’tlc firslchangc  dc,als with tl]c user’s
graphica  linlc.rfac  c[oDaMIIub,an  dthcsccond  increases tllcuscr’sabili(y  [ocrl}larlcc ar~drllodify  I)atalll]l)'s  cr]virorlr]lcrlt
wilhout  requiring changes to I>alal lub source CCKIC.

l’l-cvious  versions of I)a[allub, e.g., vcrsior]s  prior [o 0.5, rcqllircd  ll]c~]sc.r  toirl[c~ct with [hcprogran]  in aproccdural
Inannc.r. ‘J’l}is iI]tc.rhcc,  asdc,I)ic[c,d irl};igurc3  provided UIC  rvxcssarycon[ro]  of Da[aIIub,  ar]d in SOn)C,W:~yS  actlicvcd  its
goal of''llarld-lloldil]  g''al)c.gir]rIi[  lgLlscr [llrougll  aI~cccssarily  coll]l)lcx  sc,q\]cncc ofl)ararl~c[cr ctloiccs.  ‘I’llc~lscr  wol]ld, ir~
scq uc,nli  al 01 dc.r:

(1) Specify an input  data type.
(2) Sclczl au in]mrl da[a file from a SC( of files will) lhc spccificd  data [ypc.
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(3) SC](W  arl Oul]m[  file name.
(4) Spmify pmrmctcrs  for the data ccrnvcrsion.
(5) lni[iatc  Ihc ccrnvcrsion.

l~i~urc.  3-- Previous User lnlcrfacc

'l'll()~lgll  facilities  cxislcCl for[]]o(lifyi[lg  j)rcvioL]slyI l]a(lcc lloicc.s,l  t]isirltcrfaccco  llslraiIlccl  thccxpcricnccd  uscrmafaitly
rip,id  inlc.raction  wi[h LIE lla[al  Iub. ironically, it also prrrvczl  (ii fficul[  for somcbcginning uscrsbccauscit prcsc.nlc.d a lcrsc
famic. u])on  program invocation.

KccI)ing  iri rnird cornmcnts  rcccivcd from grou~~s  of usc.m,  the in[crfacc was rc-designed. ‘1’his ncw design v.m in)])  lc.n)c.nlc.d
ac.c.ordinf, [0 a non-scz]ucr  Mial, rlor)-]) roc.c.(l[rral  philosoplty. ‘1’hc user can now scl u]) 11112  tichils of data convc.rsion  in [Ilc. ally
ordc.r dcsircd, ar]d ini[ia[c (llcccrnvcrsiorl  whcrlrcady. l’tm basic irllc.rfacc.  a])pcars in l:igurc  4.

Sc,vc,ral lllir)gs arcir[)rllc~ialc.ly  a~)])arcrlt. I`irs[, [tlisir)[crfacc ])rcscrlts tl)cusc.r wi[llall [o~)-lc\lcl cllc)icc.s ir~~rl~c~li~i[cly. A
rl(Jvicc l]sc.rcarl  l)rc)wsc  lllcrl]c.rl[],  vislrallylm.a(ir]g  ilc.rl]s  [lla[rc.la[cl  otlisc.xlJcclalio[  lsoflllc.l  Jrograrll,  Sccor]d,al[llo(rf:lllllc.
user is frc.c 10 sclccl  any menu itc.rn at any tin)c.,  the overall layou[ of lhc inlc.rfacc,  sug~c.s~s (tm( (iocs no[ nlandalc) a
car]onical scqucnccof inlc.raclions.  ’l’hisscqucrlcc  follows arl arc su~~cslc.(ll)y  hulnan f:lc[[)rs rc.se<lrcl],  fror]~  [hc Il])l)cr  lc.fl
corrlcrof  ttlcscrccr],  acrossarldtl[~w’11  10 lhclowcrrigtt[,  lrcss  frcqucrltly  used menu itcmsarc])lacd  cru[of  (Ilc way in [Ilc
]owcr ]cflcorncr.  ln[crc.slinp,ly,  as will t>c. dcscribc.d in llmdiscussion  of X rcsourcc filccl]slorl]iz:ltior]  bc.low, llic irl[crfacc
call I)c. c.asily rnoclificd  (0 IMc.sc.1)1 a right-o- lcfl flow, and lc.xl Ila]lsla[cd  inlo otlmr  lall~uagcs,  for users froni  rml-Wcstml
cullurc.s.

“1’wo inllm lanl face.m of [his (icsigrl cllarlgc to l)a[al  luh arc lc.ss obvious. ‘1’hc  first C.onccrrls  a side.-bcnc,fi[ of lk~[a} lob’s  USC
oftllcir  )(llr$lr-y-st  arldarclX  W~ir~(low~ Systcrl~ar~(i Mo[if~’i(l~ctsc[.  l)c.spi[c.tllcfact  tllattllis  l]c.v~ii]tc.r  faccisl:\(iiczil  ly(iiffcrc.i]t
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f~on~ the Jmvious row., only a fairly sltmll  pcrccmf:c of tile IXilal lub mdc was rc-wri[lcn  to ac+icvc  Ilmc challgcs.  “1’his is
duc 10 the fact lhat  [hc X “callback” pmgraminin~ mock]  of rllc.ss:ip,c-~)zissitlg  lar@y insulates undc.rl yinp,  code fmm the mcr
illlcrfacc  lha[ illvokc.s  Ilm Co(tC..

l:igarc 4-- [l]r~crl[  IMlal  Iub ]n[crfacc

Additionally, it is vc.ry difficult 10 SC.C from slatic  piclurcs of lIvJ. illtcrfacc  some. of tl~c “i~c]]ill(l-tl]  c-s(:c.l]cs”  wo[k Ilmt  lhc

])rogIan) (Iocs in or(lcr [0 prcscmt  an easy 10 uSC in[crfacc,. Collsi(lcr [IN f o l l o w i n g  tyl)ic.al in(craclion with I)a[al  Iub: “Jhc u s e r

fil St SCICCLS a dc.sil c41 in]ml data lypc as illuslra~c4i by I ‘igulc. 5.

WiIc.11  lhc use.] clicks on lhc “]npul l~ilc”  Imnlc area, [I)c user is ])rcscn[cxl  wi[lt a (iircc[ory  lis[ing  of files of [Ilis tylm as
dcl)iclc41 by l;igurc  6

Note that lat)lcs mapping da[a types 10 desired dircc[orics  arc, L]scr-cl]s[or]lizalllc,  as dcscribc4t  below. 1 lnwc.vc.r, I)a[n}  Iul)
dots Ilot force IIIC user into any corf”cs~)orl(lc.r~cc.  I)c.twc.cr]  IIIC inpu[ file. and dilc.ctory, aild tile da[a ty~)c..  }Ic.cause (Iic hflotif
“l; ilc Sclcc[ion  Ilm” allows travcr.sal to Olllcr dircclorics,  and any kind of data file. may have bcml  inadvcllmllly  storc~i in ally
diicc[or  y, l)a[alluh  (toes a prc.liminar-y  scan of [IIc. file. wtlc,]l the. user ac.ccl)ls  a file name. with the. “OK” t)u[[on, If
kllO\*’lccl[\c.-l)[tsC4l  a[lalysis  1001s in IJa[al  Iub dclcrlninc  IIIC fitc is of a diffcrclll  [ylw. than slmzificd, tllc user is irlforn]c.d of (his
fac[ by an UIIOIJIT  usivc change of {tm IXua “1’y])c  Im[ton. If [Ilc.  ftlc tylm is of irl(lclcr[]lirl:i[c,  the. uscI is noliflc.d  of [Ilis as all
crlor corl(li [ior).

Al[lIou~lI  110[ fully iml)]cnlcnlcd,  scc scz[ion 3.2., l) A’l’AS1{rl’ 11 )l{N’I’ll~lC’A’I’loN l; XI’IIR’J’, [tlis krmwlc.d~c  of [IIc. fllc [yl)c
will cause. l)al:]lluh  to upf.late all other mcmu areas by modify and “i]lsc.[lsiliyirl~” (i.e., lnakirl~  tllc. mc])u ilc.[]1 Iml sclc<lal)lc
by II)c usc.i ) oi)crations  that I]avc incorlccl scman[ics fm ll)c cutlcr]l data ly]m “1’elm])” rncrtus [0 sJ)ccit_y  Sl)alia], lcn]]mal,
aid tmld Sulm[tinp,  of tl)c,  data, and subsan~])lc. and avc.~a~~inp,  o])c. raliolls,  may Iw sclcrlc41 as dcsirc(i  al]d a])~)roln ialc.

Oul]Iul f i l e  sclcc(ion i s  provi(lc(l with silnitri[ col)[cx(-scnsi[ ivc. [:uicldllcc. ‘1’lIc.  u.sc.r m a y  ctlarlf:c llIc I)ararl)clcrs  o f  Ihc

corlvclsiml. mnvc.r[ ltlc inpLlt (Mr, hrowsc. (I1C Icsults of ])[cvious  collvc.isio]js)  01 sc,r}(i  Ilm data to display I)ro}:l-allls  SUCI)  ;]s
1 ,illkWillds.
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I )a(:t I IL)(J also allows  rnul[iplc  convcrsioms to bc slmcificd  sil]~l]l(:irlcc)L]sly.  AI] ol)[iw]  i!] (hc I(wc.r-lcf(  conlcr of LIIC intc] fac,c,
allows (k “c.lonill ~,” of arlo(hc~ l>~[allul) in[cr[:icc. III [Ilis  way, mul[il)lc, ill[crac(ions  wi[h  silnilar  l)ar:~l]lc.lc.riz.a[iolls  Iilay
;ij)]xxir m lllc sc]ccll at ltlc sarnc (imc., allowillg C21sy  cross- lc.fcrc.ncc.

I~igurc 6-- l:ilc Sclccliorl  ]Iox

AI Ilmu~lI  II(M s[ric[ly  IIIaIKla[ory, III(X[ X Wirt(iows }ipI)lica[iorls  require. a “rcsourcc  fIlc” [0 s[orc  uscl I)lcfclcllccs  fw Il)c
al~lwal:irwc.  and wsc of [hc J)rofyarn. A [lc~a(ivc  side-cffcc[ of (Ilis is (lIa[ i[ co[lllllicatc.s [hc i[ls(alla[ior~ al}d :~(l]l}il~istr:i~i[>rl  of
(IIC lm)[~lml,  bu[ lIIC..SC cffccls  arc r]lirmr,  rll:irvq:cal)lc,  and far ou[wcighc.rl I)y (tic I)c.rlcf][s It]is rnclt]od l)rovidc.s.
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As discussed previously, large por(ions  of the Data}lub intcrfacc  arc spccificd in the resource file, and lhc layout  and
appearance of (1IC  program can bc radically changed without modifying lhc undcrlyiag source code. Colors, [CM, and
gcxrmctric  ]josi[ioning  of the clcmcnts of (I1c intcrfacc can all bc changed.

I’IICSC,  capabilities of [hc X Window SyStcm and (1IC Molif  widget set arc buil[  on top of a general purpww database engine
7 ‘~’~ ‘0 (iivcn  Lhc cxistcncc  of this capability, the decision was made [o s[orc othercalled lhc X Rcsourcc  Manager ~

Data? lab configuration data in the X Rcsourcc  file.

Note that, in many ways, this is an inlcrirn solution. Previous versions of Data] ]ub had this kind of da[a hard-coded in[o tlic
app]ica[ion itself, and any charrgcs required the scrviccs of the I>atrrlIub  dcvclopmcn[ warn. lly the same token, future
cuhanczmcnts  to Datal  Iub will provide a graphical in[crfacc  to these configuration and data definition facililics,  providing
users with JIO compu[cr  cxpc.ricnce  at all access to the capabilities.

‘lhc currcnl  version of Datallub store.s information such defaults for conversions of the various da[atypcs  in the rcsourcc, file.
TIIC rcsourcc file is a plain, ASCII-text file, and may lx modificxl with any cdi(or  program of LIIC user’s choice. l~or instance,
a section of the rcsourcc file dmcribcs parameters for the conversion of MCSST data files. ~’his pcrr(ion  of Lhc rcsourcc. fi Ic is
illuslra[cd  in Table 1. O[hcr data types arc dcscribcd  similarly; all may bc modified by the user,

*MCSST.typcl  ,abcl: MCSST
*MCSS1’.data[ypc: DSP- MCSS”l’
*MCSST.directory: .,/tcslDala/nlcssLorig
*MCSST.xMax: 2047
*MCSST.xMin: o
*MCSST.yMax: 10?.3
*MCSS1’.yMin: o
*MCSST.X 1: 0
*MCSST.yl: o
*MCSST,X2: 2047
*MCSST.y2: 102.3
*MCSS1’.numOfllands: o
* MCSST.tc,mporal  SclcclionSclectcd: True
*MCSST.nun~Ot’I’cmporal  lntcrvals: 1
* MCSSI’.nun~OfTcmporallnt  crvalsSclwted: 1
*MCSST.nunlOfYcars: 12
*MCSS1’.ntll~)ONwrsSc.lcctcd: o

Tablc 1-- MCSST I)ata ~’ypc Ilcsourcc Iintry

A more interesting cxamp]c is tha! of region definitions. Users have noted that  they frequently look a[ spwific spatial subsets
of their data, and have rcqucstd  easy access to these areas. ‘Ibis is spwificd through [Ilc I)atal Iub “Spatial  Schxt ion” menu,
l:igurc 7

‘1’hc user can spczify a mnemonic name and c.cmrdina[cs  for ally number of such regions. I“IIc section of the. rcsourcc file tllal
dc.sci-ibcs  (hc regions looks like Tab]c 2
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Figure 7-- Spatial Sckc[ion  Popup and Region Dcfinilions

*dcfaultl<cgions: NorltlAtlanlic\
Norlhl;aslA[lantic\
SorrthAIIantic\
Agulhas\
lndianOccan\
Nor[hWe,sd>ac.if  ic\
Nor(hEasU’acific\
SoudlWcstPacifA
SoulhliastPacific

! Region 121 Begin Iat  ]in(l Ixmg Hcgin I,ong llnd
* Nor[hAtlan[ic: 72.5097 -17.3144 261,8261 351.6504
*Norlh]lrrs[Allanlic: 72.5097 -17.3144 313.5058 43.3300
*South Atlantic: 23.2910 -66.5332 290.6543 20.4785
*Agultlas: 23.2910 -<6.S332 335.6543 65.4785
*IndianOccan: 30.322?. -59.5019 31.9043 12.1.7285
4 NorthWcslPacific: 68.9941 -20.8300 11S.2’246 205.0488
*Nor[h1’3rrstPaci t3c: 68.9941 -20.8300 171.4746 26 1.?988
*SoulhWcslPacific: ?.3.2910 -66.5332 111.0058 900.8300
*ScJl]tl]IlaslPaci  fic: ?.3.2910 -66.533?, 201.0058 290.8301

“1 ‘ab]c.  2-- Regions I)c.finilions  Rcsourc.cjs

3.2 I )A”l’ASE’I’JIN{N1’1  I q~A’1’l~)Nlj,~  l~,Rrl

Whcnadalasct  issclWtcd lJyal]scr, I>ala}ll]l)  will lrytoillcic.lwl]  dcrl[lycorlfirl]l  tl]ctylw  oflllis dalascl t)cforc.ally(lata
conversion operation ispcrformcd.  311cw~ay adalascl  lyl)cis dclc.r(l]irlc.d  in tllccl]rrcll[  ])rototylw  isprwft~y rcfu~l[io]).  Wc
lrytoprov  cthaladahscl typcisfalscbascdon  sor]icsirl]t)lc  llc.llristicsaild  goo[lto  a[lolllc,r  ty~wllrllit  wcca(]t~ot  ~]rovc, it to
bc.false. Atll]a[ lwillt,  wcdctcrl~~illc ttlatadatasct t]astotw ofccrtail~t  yl)c.,a gairlllsil~gs  on~csin~plc.t  lcL]risticst  ol]cl~]ttlc
decision, anddraw  a conclusion. 31isal~JJroacll  is bastiorl  tllcass1111]~Jtiorlof  acloscd wor]dofdatasct  types. lfadatasctis
nol of lypc.-a and type-b and type-c, it has 10 bc of lypc-d,  wllcrc,  tyiw,-d could bc lIIC imknown type. 10 an ol)cn  world, i[
could bc of type-c or type-for . . .
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I“hc drawback of this approach is that whcrrcvcr wc have a ncw datascl type, the proof scqucncc. in the datasc[  type scanning
roulinc has 10 bc rcchcckcd and in some ins[anccs  bc redone. “l”his  is bccansc  lhc sirnplc heuristics wc usc to help
dctcmnining  or rcjccling  a datascl  type may sornctimcs  fail to diffcrcntiatc  bc[wccn  an existing type and the newly added
lypc. In order to tell the diffcrcncc  among all the, possible datatypcs  in a sequential process, both the scqucncc  of tbc
cxcculion  and the decision rules to guide the process have 10 bc chcckcd and changed wlmn a ncw type is added.

lhxausc of the drawbacks of the current implcrncrrtation,  an cxpcrl sys[cm  in~plcmcn[ation  is being invcstiga!cd.  As dcpictcd
in Irip,urc  8 a rLllC-baSCd  engine will sclczt  and cxccutc rules, thal arc prcdcfincd  based on u priori knowledge about diffcrcn{
dalascts.  Major sources for the a priori knowledge come from existing data dictionaries built in diffc.rent scicnc.c  data
con]munitics,  e.g., lhc Planetary Data Systcm (PDS) Catalog. Since CI .11’S 1 * has been used for the rnctadata manager of
Datallub,  C1.IJ’S  will bc used here as the rrrlc-based engine. Thcrcforc,  the rrrlcs  will bc forward-chaining rules of
“conditions->aclions”  pairs. When the conditions arc satisfirxt,  the actions will bc c.xccutcd.

lndcpcndcnt
Decision Rules

*
Clips Dcfru>

—
Rule-based
lnfcrcncc
llnginc

C1ips

Rule Selection

Figrrrc  8-- Rrrlc-based ~hcckirrg  of Da[asc[  l“ypcs

Within each rule, external C functions will bc invoked to check lhc actual da[asct  header 10 scc if certain Conditions arc mcl,
‘1’hc  conditions arc mainly La.scd  on the informa[ioa  stored in the datascl  header. On the basis of the cxpcricncc  wc have, tllc
dalasct  header can bc keyword-based ASCII text, which WC, rcfc,r to as label, or binary data structures define.d by the data
generator. in tlw current pro~otypc,  wc have know]cdgc about

. VICAR ] 2 labeled datascts,  which arc used in AVIRIS,  Planclary IIa(a S ystcm (PIN) Magcllan,  PIIS Voyager, and
P1’)s  Mars Digi[al  Image Model (M[)lM) datascts,

● nctCDl~]  31 ] 41abclcd  datascts,
. l>S1,) labeled datasct$,  which is USWI  for Oceanography da(ascts  published by the Urlivcrsily  of Miami,
● 1 IDlz]  5 Iabclcd  datascts  and
● CIJI~] 6 labeled dalasc.ts.

‘1’k heuristics for dc.tcmniaing the type of a &tasct  with ASCII labc] is sin~p]cr  compamd to the onc with binary IIcadcr.  For
a datasc,t wi[ll  ASCII labc.1, wc need to cxarninc  the keywords and the corrc.spondirrg  value. of each kc,yword,  and then
dc.tcrminc if the values tells us cnouf$  about the datasct,  If noI, wc chczk  more. keyword-value pairs before wc make a
dc,cision. ‘1’hc critical knowledge required for [Ilis decision making  process is the required set of keywords and values for
(iiffcrcn(  datasct  [yIw.s. As discussed previously , the keyword/value know]cdgc could cornc from cxis[ing  data dictionaries
buil{  in diffc.rc.n( sc.icncc data conmunitics, A data dictionary gives canonical description of rlalascls  and lhc data i(cms
within dalascts.  ‘1’hc, description of a datasct could inc]udc tllc s[ruc[urc  of the datasc,t  and Lhc ancillary information nccdcd to
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usc [k ctatasct,  The, data i[cm definition include data type and the val idily  conslrairrt.  A data dictionary can bc treated as a
]cImsitory  of factual knowledge about the datasc[s  and the data items within  the da[asc[s.

‘1’hc dictionaries buil[ in diffcrcnl  scicncc  communities carry discipline know]cdgc  that is cxtrcmcly  valuable for accessing
[hc parlicu]ar kind of datascts.  ‘1’hcrcforc, the rules defined in Cl .1}’S will also usc dictionary acczss rout incs to rctricvc the
canonical knowledge s[orcd in different scicncc  data dic[ionarics. ?’hc keyword/value pairs nccdcd for ictcntifying  dat;lscts
nczd only bc collcctcd  once from either the data  dictionary or a human expert and bc stored permanently into Datal  lub’s
pcrsistcnl  knowledge base, ‘1’his  irnplics  thal  the definitions for Data} Iub’s  dataClass  and dataForn~at  will have to hc
cnhanccd to accommodate the ncw data definitions assimilated.

A datasct  with a binary header poses some uncertainty in the decision making process, bwausc a binary field can bc
intcqwctcd  in many ways. Even if wc add some validity chocks to the intcrprc[ation and the binary field passes all the
validity chczks,  there is still  a chance that the binary field is Jusl part of some other binary structure and happens to meet the
constraints, An example rule for checking a datasct  with binary header looks like:

If lhc datasct has a binary header,
and the header looks like a 111~1~ I)alasct  header,
and the header dots no[ look like a 1)S1’ I)atasct  header,
and the. header dots not look ]ikc a Voyager Con]J]rcsscd  I)atasct  header,

‘1’hcn
The type of this datasct  should lx 111)1~.

‘1’hc negative checks, i.e., 10 check that the header dots not look like ccrlain headers could bc computationally  intensive, for
the set of condition bccomcs  an exhaustive set and requires update when a ncw datasct  type is added. On the other hand, if
wc do not usc lhc negative chczks,  the positive check could bc faulty bccausc  of the inherent uncertainty. ~’his will have to
hc a design dczision  when it comes down to real ir~~l~lcl~~crl~[ioll.

‘1’his ncw way of implementation should bc clean and easy to maintain, Onc significant drawback conlinucs  in that it is
fundamentally the same approach of proof by refutation with the closed world assumption, cxccpt with ttlcsc two advantages.
liirsl,  it allows us to update the dczision hcuris[ics  easily and thcrcforc allowing more sophisticated checking of datasct types
as wc learn more about each datasc[.  Sczond, the decision making process is cxczutcd in an opporturris[ic  n)anncr  as opposed
to the deterministic manner of the current implementation.

‘I”hc rcccnt presentation and implementation changes were based on comments from our users. lmmc.dia[c  plans arc to
continue to cnhancc and expand this prototype whi]c continuously rc.cciving  c.ommcn[s from the user community.

ISSUCS  for the .shori  term include:
● l)atal  ]ub provided interaction to modify and update runtimc,  rcsourccs,
● a I)alal lub journal and transaction manap,cr,
● a more F,cncml  data nmdc,l for user-dcflnc,d data and conversion,
● cxpc,rt sys[cm for da[asct tyj)c checking, and
● ca])turing and utilizing user prcfe.rcnccs.

1,ong term reset anti inlp]cmcmtalion issues ir]ChldC:
● a distributed Datal lnb;
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● contcx[-based and corrlcn[ based dala search capability;
● qualily control and “corporalc” memory  of lhc conversion of input  data points to oL@rt data points; and
● a more, general sc.arch path and browsing mcchan ism,
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